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BOF replacement vessel at Iscor 



i « 



V 

/ 



- r j^^^i:: si** .._ 



One of three converters at Iscor's Vanderbijlpark works fitted with 
a modified suspension system. 



and 



re- 
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with an exact replica is not the best 
way to improve productivity. Changes in shell design, however, need 
ireful analysis to ensure that existing engineering can accommo- 
date the changes. In this paper, Davy describe how they modified the 
suspension on two converters to take new shells. 

The Davy Corporation was 
awarded a contract in 
1988 to replace the three 
150i capacity BOF vessels at 
Iscor's Vanderbijlpark Works, 
South Africa. The contract was 
placed with Davy South Africa 
with the design and detailed 
engineering of the replacement 
vessels undertaken by Davy 
McKee (Stockton), UK. 

The new converters were to 
feature a modified refractory 
lining and additional vessel cone 
cooling. These factors would 
affect the torque requirement of 
the^drive. A visit was arranged 
to establish the detailed require- 
ments of the client and a site 
survey was carried out. This 
established that the existing wa- 
ter cooled trunnion rings and tilt 
drives were in good condition. 

If ;the trunnion rings and 
drives could be retained and re- 
used with the new BOFs then 
significant savings in capital 
cost, delivery, construction 
commissioning time could be achieved. 

The required drive torque curves were 
established for the replacement vessels (Fig 
1). The relationship between the vessel 
centre of gravity and tilt angle was calcu- 
lated using a Davy computer program, 
which takes into account the out of balance 
effects of the liquid steel bath and refrac- 
tory lining wear. Using this information the 
existing drive was appraised for the new 
duty and was found to be acceptable. 

Davy suspension system 

The Davy vessel suspension system can be 
retro-fitted to existing trunnion rings. Such 
a retro-fit had been made previously to an 
existing BOF and trunnion ring on a plant 
in the UK. 

m The principle of retro-fitting the suspen- 
sion system to the existing Iscor trunnion 
nngs was confirmed. A detailed design 
study was necessary to ensure the practica- 
bility and integrity of the retro-fit design. 
This study included a detailed stress analy- 
sis using finite element analytical tech- 
niques. 

m For design purposes, the BOF was split 
into the following parts: the vessel, the 
trunnion ring and the vessel to trunnion 
nng connection (the suspension system). 

The suspension system comprises two 
brackets bolted to the shell and situated 
directly beneath the trunnion pins (Fig 2). 
These are attached to the underside of the 
trunnion ring by claws, which secure the 
BOF vessel within the trunnion ring, yet 
permit free expansion between the two 
components. A third smaller bracket is 
located at 90° to the trunnion pin axis. Its 
function is to keep the vessel central within 
the trunnion nng. The brackets are 
located in the relatively cool area of the 
vessel. This location also provides max- 
imum protection to the components, parti- 
cularly from vessel slopping, and permits 
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with support brackets and the 
trunnion ring together with the 
attached claws. The load trans- 
fer path between the brackets 
and claws is dependent on the 
vessel tilt angle and a range of 
load cases was performed to 
assess the design (Fig 3). 

In the upright position the 
vessel is supported on all four 
claw faces. In the horizontal 
position the loading is taken by 
the two lower claws on their side 
face. An additional load is pre- 
sent due to the vessel centre of 
gravity not lying in the plane of 
the claw support faces. This 
produces an additional moment 
which is reacted by equal and 
opposite forces; one between 
the lower claw support face and 
bracket foot, the other between 
the upper bracket foot and 
underside of the trunnion ring. 
In the inverted condition, the 
load is reacted between the 
bracket feet and the underside 
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1 The drive torque curve varies with the degree of refractory wear and the charge position 



easy inspection of the suspension members 
when the vessel is inverted. 

For analysis purposes, these parts conve- 
niently reduce to two systems which were 
assessed independently. The BOF shell 



of the trunnion ring, with no load taken by 
the claws. At intermediate positions the 
vessel is supported by a combination of 
these load cases. 
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2 Davy suspension 
system can be ret- 
rofitted to existing 
converters. 
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3 The load transfer path when inverting the vessel. 



5 General arrangement of BOF fitted with new split bearing. 



Trunnion ring design 
The three load cases were simulated by 
applying loads at the relevant positions 
on the claw and the adjacent trunnion 
ring. At all times conservatism was 
adopted when choosing the locations 
for applying loads. As an example, the 
claw support face was never assumed to 
be uniformly loaded. Positions were 
chosen to maximise the effect on the 
trunnion ring and claw in order to 
ensure the integrity of the design. 

BOF and bracket 
A similar procedure was used for the 
vessel shell and bracket assembly. The 
three load cases were simulated by 
applying loading to the shell due to 
vessel self weight, refractory and 
charge, with the direction dependent on 
the tilt angle. Additional loading was 
applied to the shell due to the differen- 






bearings had to be replaced (Fig 5). This 
action would obviously have an effect 
on the timetable for on-site vessel repla- 
cement. It was considered unacceptable 
to replace the drive side trunnion bear- 
ings with the same solid type as supplied 
with the original converters as this 
would involve complete removal of the 
tilt drives. These bearings were repla- 
ced with split units. The new units were 
specified to ensure that their capacity 
was equal to, or better, than the original 
solid bearings. Split bearings have been 
used in this application, particularly in 
Europe, and have given satisfactory 
service. Examination of the existing 
bearing housings showed that they were 
not able to accommodate the new bul- 
kier split bearings and therefore new 
housings were provided. 

In order to remove and replace the 
lower half of each housing as a one- 
piece unit, the trunnion ring and drive 
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maximised the loading in the assembly. 

Using this procedure the detail design of 
the suspension system and modifications to 
the trunnion ring was effected (Fig 4). 

Vessel cone cooling 

Top cone cooling was required by the 
client in order to reduce the shell tempera- 
tures and extend the life of the magnesium 
carbon lining. 

Gone cooling extends from just below 
the nose ring down to a level overlapping 
the vertical sided barrel section. Cooling is 
effected by water passing through angle 
sections welded to the vessel shell. These 
angles are grouped by headers at top and 
bottom to form six separate, and parallel 
cooling circuits. The six circuits are fed 
from six pipes emanating from a rotary 
joint located on the outboard side of the 
converter drive shaft. The feed pipes, each 
with an individual isolating valve, pass 
through a hole in the drive shaft and then 
form ring pipes above the trunnion ring 
with six off-takes to headers located just 
above the trunnion ring. These headers 
feed the angle sections which form the 
cooling elements of the nose cone. Six off- 
takes from the outlet headers, each with an 
individual non-return valve, discharge into 
a return pipe. Discharge of water is via the 
rotary joint on the free side. 

Isolation facilities in case of water leak- 
age from areas of the nose cone are 
by means of the isolating valves in the feed 
fines and by the spring loaded non-return 
valves in the discharge pipes. 



System protection and safety 

The Vanderbijlpark plant is susceptible to 
lightning strikes which frequently disable 
the electricity supply system. In the past 
converter cone cooling systems had been 
severely damaged during power supply 
failures. This was caused by the rapid 
expansion of the coolant, as the water 
converted to steam in the cooling channels 
as soon as the water pump stopped. This 
problem was resolved by the installation of 
a diesel pump which would automatically 
trip in on power failure. 

To allow sufficient time for diesel pump 
start-up, a header tank arrangement was 
installed. A control valve opens in the 
event of a power failure and the tank can 
be isolated remotely at the end of a 
campaign. A restrictor orifice inserted 
between flanges in the downpipe controls 
the water flow during emergency operation 
such that effective cooling continues for up 
to five minutes, by which time the diesel 
pump will have had time to take over. 
When this occurs a non-return valve in the 
downpipe prevents reverse flow, the tank 
re-fills via a ball float valve, and effective 
emergency cooling continues until normal 
cooling is resumed. 

Drive refurbishment 

The gearing comprising the tilt drive was in 
good xondition and did not need to be 

refurbished.' 
The drive side and free side trunnion 



practicable. During assembly each trunn- 
ion ring was jacked up a minimal amount 
and the bearing and lower half of the 
existing housing cut up to permit removal. 
Each replacement lower housing was 
designed as a two-piece unit. The larger 
portion being slid into place and the 
smaller part bolted to it to form the 
complete lower housing, the joint line with 
the bearing cap remaining horizontal. This 
approach (which had been successfully 
used in the past) ensured that each comple- 
te tilt drive -did not need to be disturbed. 

Manufacture and installation 

Manufacture of the vessels was carried out 
in South Africa to Davy specifications. 

Site installation of all three replacement 
vessels was carried out by Davy. Consecu- 
tive installation of all three vessels was 
carried out between the end of August 
1990 and the end of January 1991. The first 
vessel was put back into production early 
in November 1990. It was taken off after 
its first campaign having achieved Iscor's 
best-ever record of 2482 heats from one 
vessel* 

In April 1991 Iscor produced an all-time 
shop record of 72 heats in 24 hours on two- 
vessel operation. ■ 
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